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1. . INTRODUCTION & BACKGROUND

A rotating band is that part of a projectile which extends above the

diameter of the basic projectile body and which engages the lands and grooves

on the interior of rifled gun barrels. It consists of a relatively soft mat-

erial which must serve as a seal to prevent gaseous products of Iropellant

combustion from escaping around the projectile and must be firmly

anchored to the projectile to impart spin as the projectile accelerates

through the gunbarrel. In addition, the rotating band must possess

sufficient integrity that it does not fray, crack, or break up either in

the gunbarrel or in free flight after exiting the barrel.

The United States has been using relatively soft metals such as

copper for many years for rotating bands. There are a number of dis-

advantages associated with the use of metallic rotating bands but the

problems become most pronounced at high rates of fire and high muzzle

velocities. Under these conditions one of the major problems becomes

gunbarrel wear or erosion. This situation has been recognized for many

years and a substantial effort has been invested over the years to investi-

gate and develop alternate materials to the soft metals for use as rotating

bands. These efforts are well summarized in a number of publications [1, 21

and will not be further reviewed here. The University's involvement in an

investigation of this nature commenced in December of 1973 and continued

until July, 1975, concentrating on the 20mm projectile.

At the time the writer became involved ini the program, the status

of the program was that:

(a) Nylon 12 had been found to work adequately but it was not
manufactured domestically and was expensive. It was
desired that a less expensive material which was domesti-

cally manufactured be found.

(b) A less expensive molding technique- than ring-gate/insert
molding was desired.
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Item (b) had already been addressed by the Materials Engineering Branch

(MXE) of the Air Force Materials Laboratory (AFMI . The proposed

solution employed an improved mold design to reduce material waste

and machine time. The new technique employs side gating and pro-

duces weld lines where the molten polymer flows around the projectile

from opposite sides and meets. Weld lines are reputed at best to be

only 80 to 90% as strong as weld free portions of the band [2] but in our

experience, no failures whatsoever have been associated with the weld

lines. The original objective of the effort repcrted here, consequently,

was to investigate alternative materials and adhesives so as to replace

nylon 12 with an inexpensive, domestically available band material.

Several considerations changed during the course of the program. One

of the earliest changes was the dropping of the expense criteria. The

desire was to simply find a domestically available alternate to nylon 12,

regardless of cost. This was to be accomplished by using a one-half inch

long band with no bevel on either the leading or trailing edges, even

though it was already known at this time that a bevelled angle on both

the leading and trailing edges improved band performance. It was also

learned, several months into the effort, that the ultimate band length

would have to be reduced to 0. Z8 inches inste-d of 0. 50 inches. Since

by this time a 0. 50 inch mold insert was available, it was agreed that

work could proceed using the 0. 50 inch length. The primary aim at this

point was to find a material equivalent or superior to the nylon 12 material,

and it was felt that this could be accomplished with the 0. 50 inch band

length simply by comparing the performance of 0. 50 inch nylon 12 bands

to that of 0. 50 inch bands of the various candidate materials.
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II TECHNICAL DISCUSSION

A. Approach

At the time that the University became involved in this program,

no quantitative information was available regarding the strength, toughness,

or other property levels required cf the band material or adhesive in order

to achieve acceptable performance over the required temperature rangc

(-(5°F to 160 0 F). Further, only a qualitative, and even for that matter

relatively speculative, idea existed regarding the loading modes which

a rotating band and its adhesive would be subjected to during g'nfire. The

approach adopted therefore was largely an empirical one guided by the

judgment and experience of the author and the AFML program monitor. In

general, materials were sought which possessed and retained down to -65 F,

a degree of impact resistance comparable or superior to the nylon 12 mat-

erial. For each band material investigated, one or more adhesives were

tried. The adhesives tried were either recommended by the band material

supplier or were members of the general class of adhesives recommended

for use with that type of material (3].

B. Materials Investigated

During the course of the experimentai effort, eighteen specific

thermoplastic band materials, rupresenting seven general families of poly-

mers, were investigated. Eleven specific adhesives representing eight

general types were utilized during the program as well as four different

adhesive primer materials. A total of fort\-nine band material/adhesive/

prime r combinations w'rc fabricatecd and evaluated. Superimposed upon

this total were numerous processing variations such as projectile surface

pre paration and adhesive/primer curing schedule. The total nurmber of

different processing/material combinations examined therefore ran well

over one hundred. i Tables A-] throu,,hA-3 list the materials used inthis progran

while TableA-4 lists the matrial/adhesiv(/prinercombinations investi gated-

Appendices A and B summarize the materials and processing combinations

investigated in this prog1,ram.
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C. Fabrication Procedures

All of the rotating bands evaluated during this program were

injection molded on a Newbury- Eldorado, 75-ton, 3-ounce injection

molding machine. The molding parameters used to fabricate all the

various sets of rotating band samples are tabulated in Appendix B.

Any subsequent adhesive bonding operations to which the banded sam-

ples were subjected to culminate bonding are also presented in

Appendix B.

In essence, the sample fabrication process consisted of four

general phases. The first consisted of the preparation of the projectile

surface for bonding. This phase consisted oi a number of substeps

including grit or glass bead blasting, methyl ethyl ketone (MEK)

degreasing and air drying. The second phase consisted of application

of the adhesive. This could have been a simple dip or brush coating

or the wrapping and heat tacking of a tape-type adhesive onto the sur-

face. In some cases, a base primer coat had to be applied before the

adhesive itself and in some cases the adhesive required a bake after

application but prior to molding of the band. The third phase was the

injection molding of the band itself while the fourth pbase was the post

molding bond completion. Although in most cases, the adhesive appli-

cation, moldin, and bonding conditions recommended by the manufacturer

were utilized, some variacions in these processing parameters were

introduced during the course of the program with some of the band

materials and adhesives. These variations were aimed at improving

the performance of the various systems over that achieved with the

recommended processing conditions. For the most part, the specific

details of the processing of the various band and adhesive combinations

will not be discussed in the text since this information is quite cumber-

some and can be ebtained from Appendix B if desircd. In a few

instances however, salient variations in the processing parameters

which led to significantly improved or reduced performance levels will

be discussed.
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D. Testing and Evaluation Procedures

Early in the program, it was requested that some sort of screening

technique be developed and utilized to simulate the effects of ,_,nfire testing

and reduce the number of gunfire tests required to evaluate the various

materials. A falling-dart type impact tester v.as suggested as having served

this purpose we!! in other similar studies. Accordingly, a falling-veight

imoact tester already available at the University was modified for this pur-

pose. Figure i illustrates this test device. it is capable of droopin a

one, two, or four pound weight from any height up to eight feet onto a sample.

The sample rests in a V-block and is impacted by a blunted knife edge 0. 0735

inches wide, a dimension comparable to the width of a rifling land. The

length of the knife edge is one inch, which is longer than the band, and is

aligned alcng the projectile axis so that the excess length serves to limit

penetration to the surface of the main projectile , the same situation

encountered in a gunbarrel.

A series of falling dart tests on nylon rotating band specimens

was conducted earl. in the program to determin- if any difference in per-

formance was manifested with various combinations of dropping weight and

drop height. It was found that for equivalent impact energy, equivalent

band performance was obtained, regardless of the combination of weight

and drop height used to attain the impact energy. Consequently, all further

screening tests were corducted with a four pound weight, different impact

energies being achieved simply by varying the drop height.

The falling dart impact test described above was used to screen

the many materials examined during the course of this effort and to identify

those which looked promising enough for further evaluation in an actual gun-

fire test. The gunfire tests were conducted at the Air Force Armaments

Laboratory (AFATL), Eglin AFB, Florida. Barrel number 23, a 30/20

barrel with a constant twst of one twist in 24 inches was employed. Thirty

millimeter cartridge cases were employed to achieve the desired velocities

5
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but were necked down to 20 millimeters to accomodate the projectiles. Tests

were conducted at a nominal muzzle velocity of 4000 fps. Maximum chamber

pressure and projectile exit velocity were recorded during the test and an

in-flight photograph of the specimen was taken to permit inspection of the

condition of the rotating 'and after its exit from the barrel. Tests were

conducted at room temperature, -65 0 F, and 165 0 F. Figures 2 and 3 repre-

sent typical in-flight photographs illustrating the various types of rotating

band conditions seen in a gunfire test and which are discussed in the text

and listed in Appendix C. Table I lists the specifics for each specimen

photograph in Figures 2 and 3 so that the reader may cross reference the

photographs and the test results tabulated in Appendix C.

Use of a constant-twist barrel is an admittedly more seve re test

condition than the projectile would see in a gain-twist barrel, which is

the type in service. The rationale for using the constant-twist barrel,

however, was that since it did represent the more severe condition, a

material which performs successfully in this situation would have a built-

in margin of safety in the less taxing gain-twist system. Late in the pro-

gram effort, some shots were fired with a gain-twist barrel and as expected,

band performance was significantly better.

Examination of all the test data accumulated during this program

from both the falling dart and gunfire tests leads to a number of conclusions

regarding correlation of material performance in the two different tests.

First, it must be noted that, by far, the bulk of the falling dart tests were

conducted using an eight foot-pound impact energy. This level was selected

because the nylon 12-Z53P system was capable of surviving falling dart

impacts at this energy level at all three tcst temperatures (-65°F, 72 0 F,

165 0 F) without fracture or debonding. It was reasoned that since we did

not know what impact energy level corresponded to a material's ability

to perform satisfactorily in a gunfire test, selection of an impact energy

level which the nylon 12-253P (the best gunfire performance found to date)

7



TABLE 1

SPECIMEN NUMBER, MATERIALS, AND TEST CONDITIONS
FOR IN-FLIGHT PHOTOGRAPHS OF FIGURES 2 AND 3

AFATL Specimen Band/Adhesive Test interpretation of
Shot No. Number Combination Temp. Photograph

685 80-2Z BMNO/253P 75 0 F Pass - Band fully
intact.

431 75-14 Zytel 158/253P 75 F Pass - Slight fray-
ing at rear edge.

418 76-12 Zytel 158/P3 75 0 F Fail - Small piece
off rear edge.

383 90-17 Zytel 211/253P 750F Fail - Large piece
lost.

365 75-3 Zytel 158/253P 75 0 F Fail - Entire band
lost.

416 90-82 Zytel 211/253P 75 F Photo blurred -
band looks intact
but may be

slightly frayed.

417 76-11 Zytel 158/P3 75 F Photo blurred -
band looks intact

but may be very1 slightly frayed.

8



could withstand would serve as a useful starting point. In retrospect,

it appears that the use of eight foot-pounds impact energy does provide a

fairly reliable indication at 72°F of a material's ability to perform

well in gunfire tests at 72 0 F. At -65 0 F, however, the falling dart

impact test using eight foot-pounds appears to be too severe a condi-

tion since every combination tested with the falling dart apparatus at

this temperature except for the nylon 12-253P system experienced

fracture or debonding or both. Some materials which looked poor in

the falling dart tests at -65 0 F, however, looked rather encouraging in

gunfire tests at this temperature. At 165°F, on the other hand, most

materials tested with the falling dart looked quite suitable, although

these same materials did not perform as consistently well in gunfire

tests at this temperature. What all this meant is that these materials

may not be as good as the nylon 12-253P system in resisting this type

of impact, particularly at the lower temperature, but that they still

may be good enough to survive a gunfire test. The fact that a falling

dart impact test is strictly a compressive test while a rotating band

during gunfire sees not only compressive but also shear stresses un-

doubtedly contributes to this less than perfect correlation between the

two. All of these considerations indicate a need to know the actual

stress levels encountered by a rotating band during gunfire at different

temperatures and how various combinations of material mechanical

properties affect and respond to these stresses.

i



0

"-44

-44-

020~

-W 0 r

4J

I--

41 W"4)

Q x

-4

:~j C-4

COO

4 0 1

co.

z 4.
0 

+> 

*

101



c-)

U))

Q) )

3-4 U

4-

000

-4 1 -4"

4-z4-0
,c (L f U)



E. Experimental Results

As mentioned in Section IIB, a total of forty-nine band/adhesive/

primer combinations were fabricated and evaluated, and the number of

processing variations superimposed upon this total brought the total num-

ber of processing/material combinations to over one hundred. Each of

these combinations were screened with the falling dart test to see how

well they performed in comparison with the best material found to date,

nylon 12 bonded with 253P adhesive primer. The screening tests were con-

ducted at 72°F and any material performing well at this condition was then

0 0
impacted at -65°F and/or 165 F. Only those materials which looked pro-

mising in the falling dart screening test were forwarded to AFATL for

gi,-Li re testing.

Most of the materials fabricated and screened during this pro-

cram did not perform well in the falling dart tests, experiencing either

band fracture or debonding from the projectile substuate as a result of

the impact. Rather than expand individually on the test results for each

single material and process*ng variation, the results for all the materials

are summarized in Appendix C. Only those systems which appeared

promising and were sent to AFATL for gunfire tests will be discussed

individually in the text, with brief summaries of the results for other

systems presented in the conclusion section starting on page 26. This

reduces the descriptive task to manageable proportions since only eight

combinations were subjected to gunfire testing at AFATL. All of these

eight c nobinations involved nylon bands (nylon 6, nylon 6/12, nylon 11,

and nylon 12) and epoxy-phenolic (P3 and P104) or a proprietary epoxy

type (253P) adhesive. One of the eight was the nylon 12/253P combina-

tion which has proven to be the best material system found to date for

20mm rotating bands fired at 4000 fps. Table 2 lists the eight combi-

nations which will be individually discussed.

12
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TABLE 2

ROTATING BAND SYSTEMS EVALUATED IN

GUNFIRE TESTS AT AFATL

Band Material Adhesive

Material Designation

Nylon 12 L1901 253P

Nylon 11 BMNO 253P

Nylon 11 BMNO P3

Nylon 6/12 Zytel 158 253P

Nflon 6/12 Zytel 158 P3

Nylon 6 Zytel 211 253P

Nylon 6 Zytel 211 P3

Nylon 6 Zytel 211 P104

13



L1901-253P

At the time that tihe University became involved in this effort, the

nylon 12/253P system had already established itself as the best performing

syster vet tested. It's performance was reputed to be fully adequate a,

ambient conditions and at -65 0 F, but at 165 0 F it's performance was not

fully satisfactory due to softening. Further, since the material was

not domestically manufactured, the whole object of our program was to

find a domestically produced alternative. As a first step, however, sev-

eral series of rotating bands using this material were fabricated to esta-

blish the level of impact energies which this system was capable of sus-

taining in the falling dart screening test. This would then serve as a goal

for other materials systems to aim for if they were to equal or surpass

the performances of the nylon IZ systems. After fabricating a series of

nylon IZ/Z53P rotating band specimens and subjecting them to falling dart

screening tests, it was found that this system was capable of sustaining -n

impact energy of eight foot-pounds at all three test temperatures, -650F,

ambient, and 165 0 F, without visible damage other than the indentation from

the blunted nose of the dart. Later in the program, in fact, it was learned

that this level of performance was achieved by the nylon 122/53P system

in an 0. Z00 inch band length as well as the 0.500 inch length. A set of L1901-

233P rotating band specimens was consequently sent to AFATL for gunfire

testing. This set contained five specimens. All five were fired at ambient

conditions and all five rotating bands were fully retained after leaving the

test barrel. These bands had a 300 bevel on the front edge but none on the

rear edge and since these were the locations of the observed imperfections,

it is possible that with a more gradual bevel on the front and rear edges,

the samples would have exhibitedl no imperfections at all. At any rate, the

fact that all five samples passe(l was in accord with previous results and

verified that our fabrication procedures were capable of producing rotating

Iband specimens equivalent to those produced by other laboratories working

in this area.

14



BMNO-253P

The close similarity of nylon 11 to nylon 12 (eleven carbon atom se-

quences in the chain backbone rather than twelve) made it an obvious choice

to investigate since the nylon IZ had proved adequate. The fact that the nylon

11 source is located in France rather than the U. S.A. was a known drawback,

but it was felt that if the material proved technically satisfactory, an alter-

nate to the German-made nylon 12 would be a better situation thanno alter-

nate at all.

A series of BMNO/253P rotating band specimens were consequently

prepared. Falling dart screening tests on this material system indicated

that it was equivalent to the nylon 12/253P system at ambient and 165 0 F,

but inferior at -65 0 F. At the low temperature the nylon 11 system exper-

ienced both fracture and debonding from the projectile when impacted with

eight foot-pounds. Because of the good performance at the two higher tem-

peratures, a set of fifteen samples were sent to AFATL for gunfire testing.

Five were to be fired at each of the three test temperatures. At ambient

conditions, one photograph was not obtained when the camera malfunctioned.

Of the remaining four, three passed the gunfire tests with no visible damage

to the bands other than the engraving grooves, apparent in the photographs.

The specimen which failed had lost the rear two-thirds portion of the band

between two of the engraving grooves and a small piece from the rear of the

adjacent between-groove section. All five specimens fired at 165 F were

intact and therefore passed the test, although a very slight amount of fray-

ing appeared to occur on the leading or trailing edges. All of the muzzle

velocities of the 165 0 F shots were slightly lower than the 4000 fps target

velocity (3946-3986 fps). This might be attributable to a softening of the

material at this temperature with a subsequent failure to build up sufficient

back pressure in the breech to impart a higher velocity for a given charge.

At -65 0 F, one specimen was not tested for unstated reasons. Of

the remaining four, one specimen passed while three failed. Of the three

15



failures, one sample had lost a small piece of the band from the front edge

of the band while the other two lost half or more of their bands. Again, the

above shots were conducted on samples which had a 300 bevel on the leading

edge and none on the trailing edge and most all of the damage inflicted upon

the bands was at one of these two locations.

BMNO- P3

In addition to the 253P adhesive used with the nylon 12 (L-1901) and

nylon 11 (BMNO), an additional adhesive, sold by the same company that

handles the BMNO resin, was tried. This adhesive, P3, was developed

especially for use with nylon II and was tried, not only here, but also later

with other types o nylon.

A relatively small series of BMNO/P3 specimens were prepared.

In the falling dart screening test this system looked satisfactory at ambient

conditions. A set of five samples were forwarded to AFATL for gunfire

testing. Four of the five were fired with three of these four losing half or

more of the band during firing, predominately from the rear edge of the

bands. The fourth specimen might also have lost a part of the band but

the in-flight photograph was difficult to interpret. These specimens also

had a 300 bevel on their front edges and none on the rear.

Zytel 158-Z53P

The wide domestic availability and relatively low cost of type

6/12 nylon made this material a desirable candidate for evaluation. The

molecular structure of nylon 6/12 would lead one to hope that its higher

stiffness and melting point combined with its more frequent spacing of

carbonyl groups would simultaneously serve to provide better 165 0 F per-

formance than nylon 12 and also more sites for adhesive bonding to the

projectile substrate.

Several sets of Zytel 158 rotating bands were prepared using 2531,

as the adhesive. It was reasoned that an adhesive which bonded to nylon 12

16



(which 253P does) should bond even better to nylon 6/12 because of the

higher concentration of carbonyl sites. Several processing parameters,

such as mold temperature and length of adhesive prebake time, were varied

for these different sets of specimens. Unfortunately, the test results for

the Zytel L58 material were not particularly good. Although some evidence

of success was obtained, the Zytel 158/253P system by no means measured

up to the performance of the nylon 12 system. It was found that the Zytel

158/253P system performed best when the 253P adhesive was not subjected

to quite as long a prebake as with the nylon 12 system. The primary observ-

able difference between these two conditions is the color of the 253P film

at the end of the prebake period, being a light amber or honey color for the

optimum Zytel 158 condition and a darker amber for the optimum nylon 12

condition. In the falling dart screening tests, the Zytel 158/25310 system

proved satisfactory at 72 0 F, but at -65 F its performance fell considerably

short of that of the nylon 12 system. In order for the 6/12 material to sur-

vive a falling dart impact at -65 0 F, the impact energy had to be reduced

to four foot-pounds (the L1901/253P system survived an eight foot-pound

impact). In gunfire tests, the Zytel 158/2531P system, ev-.n at 72 0 F, fell

considerably short of the nylon 12 performance. Samples from three dif-

ferent sets of Zytel 158/253P banded projectiles were fired at ambient

conditions. All of the bands from two sets failed to perform satisfactorily.

Of the three samples from the third set, one had clearly lost nearly the

entire band, and while the photographs for the other two were too dark

and blurred to interpret accurately, it appeared as though the bands on

these two might have been substantially intact. All of the Zytel 158/253P

samples which were gunfire tested had a 300 bevl on the leading edge and

no bevel on the trailing edge. At any rate, of the total of six projectile

samples fired from the three different sets, four were clear failures and

two were questionable. This is in marked contrast to the near 100% success

rate achieved by the nylon 12/253P system.
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Zytel 158-P3

This band material/adhesive combination employs an adhesive mar-

keted for use with nylon 11 but which, by the same reasoning stated in the

previous section, was felt worth evaluating with the nylon 6/12 also. A

total of four sets of samples were fabricated using this combination with

about the same results as with the Zytel 158/253P system. The falling dart

screening tests conducted at 72'F all resulted in satisfactory performance

but at -65°F the result was uniformly poor with the band fracturing and de-

bonding from the substrate projectile even at impact energies as low as

four foot-pounds. In the gunfire tests at ambient conditions, a total of ten

samples from three different sets were fired. Of these samples, only one

was clearly intact after firing while two others might have been intact but

blurred photographs made it difficult to tell for sure. Of the remaining

seven, four were clear failures while the other three appeared to have lost

portions of the band, but blurred photographs preclude an unequivocal state-

ment to that effect. Just as with all the systems mentioned previously, the

Zytel i58-P3 samples discussed here had a 30° bevel on the front edge of the

band but a blunt rear edge.

Zytel 211-253P

Nylon 6 possesses a number of desirable features for consideration

as a rotating band material. It is widely available domestically, it is

relatively inexpensive and its chemical structure is very similar to that

of nylon 12, the difference being that the repeating unit is half as tong.

Four sets of Zytel 2h-253P rotating bar.d specimens were fabricated.

Several processing parameters were varied during the fabrication of these

specin.ens, including the temperatures at wldch the adhesive was baked

prior to molding, the eiapsed time between adhesive application and molding,

and the temperature to which the projectile was induction heated subsequent to

molding in order to consurnate the bond. It was found that certain combina-

j tions of these processing variables produced rotating bands which performe'

18



very well at ambient conditions and ahich also showed considerable promise

at-c5 ° F and !i5 0 F. The best results obtained during this program with the

Zytel 211;253P combination are briefly summarized in Table 3. it has

been fo-.nd that the projectile s.arface must be induction heated to about 5001F

after molding to develop an adeauate bond between the i:vlon band and the

Drojectile. in fact, it has been found that reDeating this induction heating

process a second time improves the bond over just one heat-up. In each

case, the samDle was auenched in cold water immediately after induction

heating to Drevent warnage or distortion of the band. it has also been found

that the degree of prebakin2 of the 253P adhesive can be a very sianificant

factor in the ultimate Derformance of the rotating band. it was our experience

that simplv placing the adhesive coated samples in a circulating air oven set

at 450 F for 45 minutes could not be depended on to yield reproducible results.

This was apparent from the observable differences in adhesive 'olor after

ostensibly identical bakes. Inaccuracies in temperature control or tempera-

ture gradients within the oven are most likely responsible for this problem.

It has been found that if the prebake is conducted as long as necessary to

produce a shade of amber comparable to that in a beer bottle, without regard

to the length of time required, the optimum prebake has been achieved. One

other variable which vas not optimized in this effort is mold temperature.

All of the Zytel 2i1-253P samples were molded in a 230 0 F mold. Conceivably,

use of a lower mold temperatvre could produce a more amorphous polymer

structure and thereby increase the flexibility of the material and enhance its

ability to perform satisfactorily at -65 0 F. In summary, as shown in Table

3, a very limited number of tests show that this material combination performs

excellently at 72°F and shows sufficien promise at -65 0 F and 165°F to

justify further work and process parameter studies. Contrary to the some-

what reduced muzzle velocities noted with the BMNO system at 165°F, the

Zytel 211 results cited in Table 2 at 165 0 F all had muzzle velocities in the

range 4026 to 4119 fps, which is almost identical to the 72°F muzzle velocity

range and indicates that softening at 165 F occurs to a significantly lesser
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TA B LE 3

SUMIMARY OF BEST TEST RESULTS FOR THE

ZYTEL 211/?53P SYSTEM

Test Falling Dart Gunfire Results
Specimen Temperature Result 'Bands had 150 bevel on lepdng edge,
pXuber (OF) (8 ft lbs) 60 bevel on trailing edge)

( ,- 9 7 5) P a s s

90-64 75 --- Pass
90-68 75 --- Pass
90-75 75 Pass
90-76 75 --- Pass
90-85 75 --- Pass

90-8i -65 ) Piece fractured ---

-65 and debonded ---

90-62 -65 Pass
90-66 -65 Pass
90-72 -65 --- Large piece off.

90-78 -65 --- Pass
90-83 -65 --- Photograph difficult to interpret.

May be . very small piece off of
leading edge.

90-63 165 --- Pass
90-67 165 --- Cannot interpret photo accurately.
90-74 165 --- May be slight fraying but photo

blurred.
90-80 165 -- Pass
90-84 165 Photo blurred and hard to interpret

but a very small piece may be off
of leading edge.
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degree with the Zytel 211 than with the BMNO or nylon 12 material. All of

the data in Table 3 are for samples with a 150 bevel on the leading edge and

a 60 bevel on the trailing edge. A previous set of five Zytel 211-253P samples

fired at 72 F with a 30 bevel on the leading edge and no bevel on the rear

edge resulted in three clear successes and two which were difficult to inter-

pret because of blurred photographs but which looked satisfactory for the

most part with perhaps some slight fraying.

Zytel 211- P3

Three sets of Zytel 211-P3 samples were fabricated. Falling dart

tests were conducted on samples from each of these sets and gunfire tests

were conducted on samples from two of the sets. In each case, the falling

dart impact test at 72°F resulted in neither fracture or debonding, while at

-65 0 F both fracture and debonding occurred in the large majority of cases.

One sample at -65°F did not fracture but it did experience some debonding.

Of the two sets from which samples were gunfire tested, one was subjected

to an adhesive prebake before molding of 450°F for 45 minutes while the

other was prebaked for 10 minutes at 550 0 F. Tables 4 and 5 present the

gunfire test results obtained for these two sets of samples. It is difficult

to see a significant difference between the overall gunfire performance of

the two different sets. Comparison of the data in these tables with that in

Table 3 leads to the observation that there appears to be little to choose

between the P3 or the Z53P adhesive for Zytel 211 rotating bands. As with

the Zytel 211-Z53P samples, all of the Zytel 211-P3 samples were molded

with a mold temperature of 230°F and use of a lower mold temperature could

i ihelp improve the flexibility of this material and improve its gunfire perfor-

mance. It is also possible that further variation of the adhesive prebake con-

dition could result in improved overall gunfire performance.

Zytel 211-P104

The same company which developed the P3 adhesive for use with nylon

11 also offers a P104 adhesive which was developed for use with electrostatically

21



TABLE 4

GUNFIRE TEST RESULTS FOR ZYTEL 211/P3
PREBAKED AT 450'F BEFORE MOLDING

Test
Specimen Ternperature

Number (OF) Gunfire Results

91-17 75 Pass
91-18 75 Pass
91-21 75 Pass
91-29 75 Pass
91-32 75 Pass

91-19 -65 Fail-Very small piece off

rear edge.

91-26 -65 Fail-Piece off rear edge.
91-30 -65 Pass
91-33 -65 Fail-Piece off rear edge.

91-11 165 Pass
91-12 165 Fail-Piece off around rear edge.
91-16 165 Pass
91-25 165 Pass
91-35 165 Fail-Slight fraying at rear edge.

91-23 75 Fail-No pieces lost but some
fraying.

91-27 75 Pass

91-28 75 Fail-No pieces lost but some
fraying.

91-34 75 Pass

Note: First 14 specimens in table had 150 bevels on leading edge and 60
bevels on trailing edge. Last 4 specimens had no bevel on rear
edge but had a 300 bevel on front edge.
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TABLE 5

GUNFIRE TEST RESULTS FOR ZYTEL 211/P3
PREEAKED AT 550'F BEFORE MOLDING

Test

Specimen Temperature
Nuiber (0 F) Gunfire R-sults

91-43 75 Fail-No piece lost but some
fraying.

91-44 75 Fail-No piece lost but some
fraying.

91-52 75 Pass

91-53 75 Pass
91-57 75 Pass-May be very slight

fraying.

91-42 -65 Fail-Small piece off rear edge.

91-45 -65 Difficult to tell because of
blurring. May be small piece

off rear edge.

91-46 -65 Pass
91-51 -65 Pass-Photo blurred.
91-58 -65 Pass-Photo blurred.

91-37 165 Pass-Photo blurred but may be
very small piece off
rear edge.

91-39 165 Pass
91-40 165 Pass-Photo blurred but may be

very small piece off
rear edge.

91-48 165 Pass

91-38 75 Fail-hard to tell for sure but
may be very small piece
off rear edge.

91-47 75 Pass
91-54 75 Pass
91-56 75 Pass

j Note: First 14 specimens in table had 150 be%els on leading edge and 60
bevel on trailing edge. Last .4 specimens had no bevel on rear edge
but had a 300 bevel on front edge.
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applied coatings and for use in more severe environments. It was decided

that the reputedly better invironmental resistance of this adhesive made

it worth evaluating. Two sets of Zytel 211/P104 rotating band specimens

were fabricated. One was molded with fresh adhesive and passed five

out of five trials in 72°F gunfire tests (see Table 6). Samples from this set

also looked good in the falling dart tests exhibiting neither fracture or debonding

at 72°F or -65 0 F. The second set was molded six weeks later with the same

batch of adhesive mixed earlier. in the falling dart test, samples from this

set still underwent no fracture or debonding at 72 0 F. The initial 72°F gunfire

results from this set of samples was quite poor, three failures in three trials.

Beveled leading and trailing edges were then machined onto the remaining

samples from this set and they were returned to AFATL for further gunfire

testing. The beveled edge samples did very well in 72°F gunfire tests, passing

all five trials but the performance dropped off at -65°F and 165 0 F. It is

certainly not inconceivable that if this system were prepared with freshly

mixed adherive and test fired with beveled edges, its performance might

prove very good. Also, all of the Zytel 211-P104 specimens were prepared

in a 230°F mold and use of a lower mold temperature could improve its

flexibility and performance.
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TABLE 6

GUNFIRE TEST RE;ULTS FOR ZYTEL 211/P104

Test

Speciinen Temperature

N(ber .(F) Gunfire Results

92-11 75 Pass

92-14 75 Pass
92-18 75 Pass
92-19 75 Pass
92-20 75 Pass

92-21 75 Fail-Photo too dark to be
sure but silhouette

appears to indicate loss

of a piece.
92-26 75 Fail-Photo too dark to be

sure but looks like a
small piece off front

edge and some fraying

at rear.
92-30 75 Fail-Photo blurred but looks

like a Piece is off.

92-25 75 Pass

92-29 75 Pass

92-35 75 Pass

92-39 7' Pass
92-45 73) Pass

92-22 -65 Fail-Piece off.
92-27 -65 Fail-Almost entire band lost.
92-32 -65 Pass

92-37 -65 Fail-Piece off rear half.
92-47 -65 Pass

92-23 165 Fail-Photo too dark to be sure

but piece looks off.
92-28 165 Fail-Photo blurred but looks

like large piece off.
92-38 165 Fail-Badly peeled.

92-43 165 Ha.-d to tell-May be small

.. ~_ _ i c-ce off front ed Qe .

Note: First 5 specinens made with freshly in:xed adhesive and fired %,ith 300
bel el on front edge but none on rear. Center three sp cirnens made with
a(ihesive IMx('d six weeks prior to use and fired w-th 300 bevel on front

edge but none on rear. Last 14 specimens made with adhesive mixed six
weeks prior to use but fired with 150 bevels on lading edge .,nd 6 r bevel
on rear edge.
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III. CONCLUSIONS

1. Although the data base from which the conclusions in this section

are drawn is somewhat limited, it is felt that several material-adhesive

combinations have clearly demonstrated sufficient potential to justify

further and more in-depth evaluation as alternate material choices to

nylon 12-253P for 20mm rotating bands.

2. The gunfire performance of the nylon 11 (BMNO)-253P system was

only slightly below that of the nylon 12-253P system at 72'F. At 165 0 F,

the nylon 11 system performed very well although at -65OF its performance

was unsatisfactory. No attempts at processing optimization were under-

taken in this program with the BMNO-253P system. This type of investi-

gation combined with use of more gradual bevels on the leading and trailing

edges of the rotating bands could substantially improve the performance

of the BMNO system.

3. The nylon 6 (Zytel Z1)-253P system, being one which is both domes-

tically available and which has demonstrated the potential of performing well

in gunfire tests at all three temperatures deserves further developmental

and evaluation efforts. its 7Z°F performance was excellent and its perfor-

mance at -,5 0 F and 165)F was good although photographic problems make

it difficult to assess the results of all the test firings. Again no attempt at

process optimization was made with this system.

4. The ny]on 6 (Zytel 211)-P3 system has demonstrated considerable

potential in gunfire tests and is worthy of further development and evaluation.

The performance of this system at 72 F is excellent. At 165 F its perfor-

mance is also very good. At -65 0 F it demonstrated considerable promise

althougl- )s performance at this temperature was not as good as at 72°F or

165 0 F.
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5. The nylon 6 (Zytel 211)-P104 system has also demonstrated con-

siderable promise and should be further evaluated. its gunfire perfor-

mance at 720F was excellent. At -65 0 F its performance was only mar-

ginal and at 165 F it did not perform well at all. It must be remembered

that the performance at these latter two temperatures was determined

from specimens made with an adhesive mixed six weeks prior to use and

that process optimization efforts might achieve significantly improved

gunfire performance.

6. Nylon 6, 12 (Zytel 158) was tried with four adhesives (P3, P104,

253P, and FMI000). At room temperature its gunfire performance was,

at best, marginal. At -65 0 F the material did no, perform well at all.

7. Glass filled nylon 6 (Plaskon 8231 and Paskon 8233) was tried

at glass contents ranging from 30% down to 3 1/2% (Plaskon 8231 diluted

with Zytel 211) with the P3, P104, and 253P adhesives. At the 3 1/2%

glass content, this combination survived falling dart tests at 72°F and

165 0 F but exhibited fracture and debonding at -65 0 F. Since there is a

possibility that the -65 0 F falling dart test is more severe than a -65 0 F

gunfire test, further testing of this material should be undertake,:, parti-

cularly gunfire testing.

8. Three different kinds of nylon 6, 6 were tried (Zytel 101, Zytel 42,

Zytel 105) with four different adhesives (P3, P104, 253P, and FM1000).

All performed poorly in the falling dart tests at room temperature, under-

going both fracture and debonding.

9. An ethylene-propylene tcrpolymer, designated Dexon, \as tried

without success. This material was reputed to bond well to steel without

an adhesive and it was used in this program without an adhesive. It was

found that the material simply did not bond very well to the projectiles and

underwent substantial debonding in the falling dart test at room temperature.
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10. A urethane band material (Texin 591A) was found to perform very

well in room temperature falling dart tests but to fracture and debond in
-65 0 F falling dart tests. The flexible nature of the material at room

temperature makes its performance capabilities at i65F in a gunfire

test suspect, although no actual tests at 165 0 F have been conducted.

11. Phenylene oxide based material was tried in two forms, one a

black, filled composition (SE100) and the other a gray, natural compo-

sition (EN G 265). A number of different adhesive/primer/processing

parameter combinations were tried with results in falling dart tests at

00
72 F running from poor to marginal and results in dart tests at -65°F

producing consistently fractured and debonded bands.

12. Two other materials were also tried, a thermoplastic polyester

(Tenite 6T-91A) and an acryllic (ST-375) with very poor falling dart

performance at 72°F being exhibited by both.
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IV. RECOMMENDATIONS

I. Process optimization studies should be performed on the BMNO-

253P, Zytel 211-P3, and Zytel 211-PI04 rotating band systems to improve

the gunfire performance of these 20mm rotating band systems. Although

it is felt that all cspects of the fabrication process are worthy of investiga-

tion, several which have been briefly touched on in this effort, will be

especially mentioned because there is reason to believe that the performance

of the system could be readily improved by suitable manipulation of these

specific parameters. First, use of a mold temperature 'lower than 230°F

should be investigated to determine if a more amorphous and thereby more

flexible polymer structure could be obtained. Secondly, the degree of pre-

baking to which the 253P, P3, and P104 adhesives are subjected prior to

molding should be varied. It has been found that this can be a very signi-

ficant factor and that the degree of prebaking which is optimum can vary

from one band material to another.

2
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APPENDIX A

MATERIALS UTILIZED DURING 20mm
ROTATING BAND INVESTIGATION

FThe information listed in tables A-1 through A-4 identify not only the

band materials and band adhesives evaluated in this effort, but also indicates

in what combinations the various band materials and adhesives were used.

30
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Table A-1. Rotating Band Materials Investigated

Material Type of
Designation Polymer Source

Dexon XPA-3 ethylene-propylene- Exxon Chemical Co.
acryllic acid terpolymer Baytown, Texas

Dexon XPA-4 ethylene-pr opylene- Exxon Chemical Co.
acryllic acid terpolymer Baytown, Texas

Tenite 6T91A thermoplastic polyester Eastman Chemical
Kingsport, Tenn.

XT 375 acryllic American Cyanamid
W ayne, N.J.

Texin 591A urethane Mobay Chemical Co.
Pittsburgh, Pa.

Noryl SEI 00 phenylene oxide- General Electric
filled, black Selkirk, N. Y.

Noryl EN265 phenylene oxide General Electric
Selkirk, N.Y.

Rilsan BMNO Nylon 11 Rilsan Corp.

Glenrock, N.J.

Zytel 42 Nylon 6/6 (hi-viscosity) DuPont

Wilmington, Del.

Zytel 101 Nylon 6/6 DuPont

Wilmington, Del.

Zytcl 105 Nylon 6/6 (filled,black) DuPont

Wilmington, Del.

Zytel 158 Nylon 6/12 DuPont

Wilmington, Del.

Zytel 211 Nylon 6 DuPont

Wilmington, Del.
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Table A-1. Rotating Band Materials Investigated (concl.)

Material Type of
Designation Polymer Source

Polya-nide L1901 Nylon 12 Mobay Chemical Co.
Pittsburgh, Pa.

Plaskon 8231 Nylon 6 (1476 glass filled) Allied Chemical
Morristown, N.J.

Plaskon 8Z33 Nylon 6 (30% glass filled) Allied Chemical
Morristown, N.J.

Plaskc • 8231/ Nylon 6 (7% Slass filled)
Zytel Z11 [50:50]

Plaskon 8231/ Nylon 6 (3-1/2% glass filled)
Zytel 211 [25:75]

Plaskon 8231/ Nylon 6/Nylon 12
L1901 [25:75] (3-1/20 glass filled)

I
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Table A-Z. Adhesives Evaluated During Rotating
Band Investigations

Material Type of
Designaition Adhesive Source

253P epoxy type M&T Chemical Co.
Cincinnati, Ohio

P3 epoxy-phenolic Rilsan Corporation

Glenrock, N.J.

P104 epoxy-phenolic Rilsan Corporation
Glenrock, N.J.

Loctite 307 urethane modified Loctite Corporation
acryllic Newington, Conn.

FM53 modified epoxy Bloomingdale Div. of
American Cyanamid
Havre de Grace, Md.

FMZ38 nitrile phenolic Bloomingdale Div. of
American Cyanamid
Havre de Grace, Md.

FMI 000 nylon epoxy Bloomingdale Div. of
American Cyanamid
Havre de Grace, Md.

Hysol 4405/ rmodified epoxy Hysol
H8L 3538 New York, N.Y.

Scotchclad 776 oil resistant elastomer 3M
Wayne, Mich.

Scotch,'-eld 2214 modified epoxy (filled) 3M
Wayne, Mich.

Thixon AB 1153/66 rubber based adhesive Dayton Chemical Prod.
West Alexandria, Ohio
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Table A-3. Adhesive Pri.ncrs Utilized During

Rotating Band Studies

Material Recommended

Designation Source For Use With

BR-1009 Bloomingdale Div. of FM1000

American Cyanamid
Havre de Grace, Md.

BR-238 Bloomingdale Div. of FMZ38

American Cyanamid
Havre de Grace, Md.

BR-53 Bloomingdale Div. of FM53

American Cyanamid
Havre de Grace, Md.

Focquik T Loctite Corporation Loctite 307

Newington, Conn.

I
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Table A-4. Rotating Band Material/Adhesive/Primer

Combinaz'ons Investigated

Comb.
No. Band Material Adhesive Primer

1 Dexon XPA3 None None

2 Dexon XPA4 None None

3 Tenite 6T-91A Loctite 307 Lockquik T

4 XT 375 FMIOOO BR 1009

5 XT 375 FM238 BR 238

6 XT 375 Scotchclad 776 None

7 XT 375 Scotchweld 2214 None

8 XT 375 Thixon AB1153/66 None

9 Texin 591A Thixon AB1153/66 None

10 Noryl SE100 FM00G BR 1009

11 Noryl EN265 FMIOOO BR 1009

12 Noryl EN265 FM1000 BR 53

13 Noryl EN265 FM53 None

14 Noryl EN265 FM53 BR 53

15 Noryl EN265 FM53 253P

16 Noryl EN265 Hysol 4405/ None
H8L3538

17 Rilsan BMNO 253P None

18 Rilsan BMNO P3 None

19 Polyamide LI 901 253P None

20 Zytel 42 253P None

21 Zytel 42 P3 None

22 Zytel 42 P104 None

23 Zytel 42 FMIOOO BR 1009

24 Zytel 101 FMI000 BR 1009

25 Zytel 101 253P None
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Table A-4. Rotating Band Material/Adhesive/Primer
A<q Combinations Investigated (concl.)

Comb.
No. Band Matcria Adhesive Primer

26 Zytel 101 P3 None

27 Zytel 105 253P None

28 Zytel 158 FMOOO BR 1009

29 Zytel 158 253P None

30 Zytel 158 P3 None

31 Zytel. 158 P104 None

32 Zytel 211 253P None

33 Zytel 211 P3 None

34 Zytel 211 P104 None

35 Zytel 211 FM238 BR 238

36 Zytel 211 FM1000 BR 1009

37 Zytel 211 FM53U BR 53
38 Plaskon 8233 253P None
39 Plaskon 8233 P3 None

40 Plaskon 8233 P104 None

41 Plaskon 8231 253P None

42 Plaskon 8231 P3 None

43 Plaskon 8231 P104 None

44 Plaskon 8231/ 253P None
Zytel 211 [50:50]

4 Plaskon 8231/ P3 None
Zytel 211 [50:50]

46 Plaskon 8231/ 253P None
Zytel 211 [25:75]

47 Plaskon 8231/ P3 None1 Zytel 211 [25:75]
48 Plaskon 8231/ PI04 None

Zytel 211 [25:75]

49 Plaskon 8231/ 253P Nn~None
~L1901 [25:75]
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APPENDX B

MOLDLNG PARA 24TE RS AND BO1NDiNG PROCEDUR ES
USEO Tu 2'i BR iCATE PLASTIC ROTATING BANDS

Forty-nine con-hi;nations of band )n-teri'all adhesi'-'e/l,rimer were

fabricated and evaluated dur:nu thi.n program. Numerous processing varia-

tions were also superhm. posed upon these forty-nine '.omenations to yield

a grand total of over one .iandr-d rnterial/proces sing combinations. Each

of these combinations are described in this section and the specific proces-

sing conditions and molding pararntters used .nr each cornbination are also

listed. Recognizing that this is a cuz-bersorne amcu!,t of information t:

present and that it is highly desirable to or;amize it such that the time re-

quired to comprehend it is minimized, the -n ,rn.;tion has been divided

into two sections. The first section presents the pertinent d_--ils needed

to identify e-.ch material/adhesi,;e combination and the surface prepara-

tion and adhesive application procedures used for that particular combin-

ation. It also refers the reader to the appropriate molding parameters

utilized for that combination. The second section contains copies of the

injection molding data records and indicates the temperatures, pi-essures,

times, and machine settings used to injection mold each set of specimens

discussed in this report.

Each table and record sheet contains identifying samiple set and speci-

men numbers for cross referencing with the test data presented in Appendix C

and Section HE and also designates, by name and number, the band material.

It should be kept in mind that during the early months of the investigations,

because of a shortage of projectiles, some were used over a second time.

This lead to the same sample number occasionally appearing twice in the

accompanying tables, even though the band, adhesive, or processing condi-

tions were different for the two diffeeent occasions.
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APPENDIX C

TEST DATA

This section presents the results of both falling dart screening tests

and gunfire tests conducted upon samples of all the different rotating band/

adhesive/processing variable combinations investigated during this pro-

gram. The information is organized so the reader can cross reference

the test results obtained for any single specimen with the processing and

molding parameters used in the fabrication of that specimen and tabulated

in Appendix B. The notations P1 through P14 and Ml through M15 refer,

respectively, to the sheet numbers upon which the processing or molding

data is recorded in Appendix B.
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20 nm ROTATBIHG BAND TEST DATA Shect No. DI- ....-- -
" 1. c Oil Typo Test Observed

a 0C of Temp. Other Test Data Test Additional comments on
7o r (e Test 0 ) Test ResultsO'.

-_'1 1 ? rt, from suustrate.

Fall. Band fracturcd and dcbonded
2 50-2 P1 M1 Dart 75 Fail from substrate.

2150-3 P1 Ml 75 Fail Entire band lost.

2 50- P1 M Vu 75 Fail Entire band lost.ire

- Z4 -3 PI ,"l 11l1.1 75 ("These seven Fail Sliaht fracturing.Dta rM t -a-,nes "" ere c Sub'stantial de)ondina.

50-1 P M all. Fail Fracture and debonding.I .. .t_7 ed to a varaeity ...... .. ..

4 70-51 P! I M II.' 0 different Fail ISlight fracturing.
_____0-_______ar \ ..... .. o en- _________ Sibstantial debondina

- al. hance surface -light fracturing.
4 85-1 P 1  art 75 wetting. l .1 Fail Vbstantlal dcbondin .
4.50-5 p) I rt 7S t,_tateIvSa_ Fail No fracture, some debonding.

4 53-61 P1 Ml IDart 75 5 00 '., F d U0. o Fail Fracture, completedebonding

AG p M I Fta1 75 rnciuct. neatn Fail N o fracture, some debonding.
__~~~~ Drt !_ ev¢0! 0 P,,. J

6j 5311eaI i !'ang Fi Band fractured and debornded
6 53-1i j M! ~art 75 Fail from substrate.

_ I75Fi Band fractured and debonded
53t L 7 from substrate.

6 53-3 P1 p I r_ 75 Fail Entire band lost.

6 53-41 P:11 1 MI f'7 75.1 _Fail Entire band lost.

7 " 50- ,,75 these seven Fail Fracture.

'Dart s __ arn et f Substantial (,bonding.

7hSQ.- ,( ndu ! t.s abon Fa

....0,- P"1 7 5 7a;uIiaclvsw 1-..7 l0-3 l[1 M1 r75 tenn-g F a1 racture.

7 t-otl Failha n: S Fbstantial debondin .
7 M (I Fracture.

7 53-lf jP l V i- lJt  V ,Leue. .-IJ Fail ubt antial debnin.7 70- Pi IMl u ts i ring ai Iracture.

S-2 PI M Nil T!)I 7 [ Fain li racture.

au nbstantial debondinq.
8 S0- Pj MI 5u In7 F Bal ractu re.

9 60-3 RI. M2 Fall/ 75 •Fail Bn rcuc o

I ~ ~ ~ ! f", r va erir ie n,-ueS

9 Io- '1 .I l'lal . 75 Fail Iaud fract ed-and
I " QJ _ e nti ' d.tndi.

~; m. ;li~ht fractu e.
10 20-41}1 ,, t'l,! 7 al S,>.a ta ,h,~,..

853-: 1- Fail >t 't.l 'T( '.

-0 o- Ill i 5-5 Fail Fracture and deboding.

' I ' t [,bIx'''a .. .. di (Z

10 ,0-4 ))1 M' 2 ' .. pa s No fracture.or debonchj:na.

10 .0-IIll M-6 Fail Fracture and dcboi~din,.
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20 mm 11OTATINC MAND 'TEST DATA Shecet No. )- "

. c' L YpCTest Observed
o ,, p.lOther Ts

:j ,f "mst Data Test Additional comments on
.T c t, t (ro) Result Test Results

,1 65-1 t Z M2 Sa'!?' Fail No fracture Lut entire

- I IF~~j OnI y i mpacted \vith-; - o lracLkure but cntire
r65-5 P2 M2 Dart ft. lbs. rather than S.; Fail band debonded.

2 I P .•,E. Fracture and
12 65-1 P2 M4 Dart 75 Fail-- 1, , .i

13 10-1 P2 MZ Dat 7r5 Pass
p2 Fal. -65- Fail Fracture and

13 l0-! 2 .. D.. rt _ _r_ _ _artial debendin.Fall 75 Pass13 10-2 P2 1 vD a rt

13 10-2 P2 M2 F -65 Fail Fracture andDa rt

13 1--3 pZ M2 Fart PassDart 1
33 10-3 PZ M2 Fall. -65 Fail Fracture and

_____t __partial debondin!,.

14 10-11 P2 M2 Dart 75 Pass

14 10-11 pZ M2 Far. -65 Fail Fracture and
iDart partial debonding.

14 10-12 P2 MZ IFall. 75 Pass
ID a rt ___________

1- 10-12 P2 M2 Fail. -65 Fail Fracture and~Dart I ____________ partial dobondn.

14- 0-11 P2 MZ a"a" 5-65 Faniacte with and'Jart f lbs. dbnd o 8n.

a:ll.Ps15 10-I[ P2 M r 5Pas

5 0-"Mial.-6 5 "" Fail Fracture and

5 10-11 P2 M 2 _ar_ [ F partial debondin_-.
1 10 1 P2 N12 [,;ass

15 ~~ art. 75Ps

[15 0-181p NA Z [Fl [6 ~ail Fracture and
i)ar, I __________Iortial debonding.15 10-16 P 2 '10 2 ka !. -o5 [ a ed w ith 4R . F a l F ra( tk rp ?..,'d

art I..1.0... P,, nnlrlll woo . in :..15 10-191 p2 M2 ..:'all. -05 Impacted with 3 I Pass

1)a t lbs. instead of 81-041 P2 M2 Vai. I 
-FuS Impated iha ft. Pa"

634-6, P2 M9- i6 D1i 75 Fail radcture and

Dart1tot debonun.
171334 Fail Fracture and17 33-4 P2 M9 )art __75 Fail substantial dcbondinc.
18 30-1 v'. NH all. 75 Fall Fract,,re and

Fal.r"racture ani

19 31-1 P2 M9 IDartj 75 Fail total doboni n,.

20 32-5 P2 Dart 75 Fail Fracture and

-.- Dart- _ _t__i_._.dobondin__.
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Z0 mn ROTATING BAND TEST DATA Sheet No. - D3.

" ,. I W ] Typc Teat Observcd
' of Tecmp. Other Test Data Test Additional comments on

r I o .-- ,a o f (T°)
TciA () Result Test Results

- 5P3 ' -- ," • impacted with Z ft. ail Co
21 30-5 P3 W3 Da rt 75 lb. instead of 8. mpletedebonding.

Z2 30-3 P3 M3 Fall. 75 Pass
-Dart

2 0-4 P3 M3 Gun Fail Large section lost.
zFire ____ P3__0___6

22 80-2- P3 M3 Qu -65 Fail Half of band lost.

Z 80-5 P3 M3 IGun -65 Fail Most of band lost.
Fire

Z2 80-6 P3 M3 Gun 165 Pass Sli'ght fraying on rear edge.
La. Pass

23 50-5 P3 M3 Dart 75 Pass

23 80-9 P3 M3 Gun 75 PassI38- 3M Fire

Z3 53-5 P3 M3 Iun 175 Pass'Fire.

23 65-4 P3 M3 Gun 75' Pass
Fir

un Fail Small piece off front edge.
23 53-4 P3 I M3 Fire -65 Fail Rast oiband OK.

23 65-51P3 M3 Gun -65 PassFire
.- C--u re Pass

2380 M3 I'?rC 165 -- Pass

23 80-8 P3 M3 ire 165 Pass

23. 53-3 P3 M3 Gun 165 Pass
Fire

Z3 65-6 P3 M3 Gun 165 - - Pass

24 80-15 P3 M3 5Dart 75 Pass

' 4 80-15 P3 M3 Fall. 155 Pass
-. Dart

24 80-ZC P3 M3 Fall. 75 .... Pas
Dart Pass

2r4 80-0 C M 3 Fall. -65 Fail Fracture and
- P3 Dart ............. . partial debonding.

74 80-25 P3 3 Fall. 75 Pass
Da rt

?. 80-2 P3 M3 'a-t I 75 Pass
M Dart 7- -ail Fracture and25 80-32 P3 M3 Dart partial debondinj
D25a r3t P3 M3 Ial -65 Marginal Very slight fracture
Dart and debondin-.

!25 80-3_,._- P3 M3 " h. -65 _. Fail F'racture and

. . .. ... Dart --______ ____ partial d on~lin, ,Fall.

26 82-3 P3 M3 Dart 75 Pass
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20 mm ROTATING BAND TEST DATA Sheet No. D4
,. Tpo *cs

T y p0 Test Observed

r,, .o .o C - of Temp. Other Test Data Test Additional commcnts on

U uCrt Test (F0 ) q ,Result Test Results

27 82-3 P3 3 Dart 75 Pass
Gun

27 8?-1 p3 M3 IFire 75 .. Fail Most of band is lost.
Gun

27 82-4 P3 \I3 Fire - Pass
82-5 Gun2 6Z-5 P3 Gurl 75 Fail Rear half of band lost.27 -- )3u Fire. Small pieces lost off rear

27 M- 3 3 ire ' 75 Fail half of band.
' all_. jmpacted with 13 ft. Entire band debonded. No

28 85-3 P3 M4 }Dart 75 lb. instead of 8. Fail fracture.
Val. --Urnpact'ed with 2 ft.

28 85-4 p1 M4 )art 75 jlb. instead of S. Fail No fracture. Some debondin2.
-ia.l.- mpacteu with 4 it. Small amount of debonding.

29 85-1 p3 M4 Dartj 75 lb. instead of 8. Fail No fracture.

29 85-5 P3 N!.4 )art 75 Pass
wall.I -30 85-1 P3 M4 -)art* 75 Pass
Gun

30- 85-2 P3 M4 Fire 75 . ...... . Pass

30 85-3 P3 M4 _re 75 PassG:un

3V S5-4 P3 NM4 Fire- 75 Pass
30 85-5 P3 M 4 75 Pass

30 85-6 p3 X 4 Frc 75 Pass

31 5-13 73 M4 Dart ; --75.-..... Pass

31- 5-17 P3 li,4 Dart 75 . . . . .. ..... Pass

31 5-24 P3 M Dart 75 Pass- i~~Fall- ' ...
31 -15-? P3 M4 Dart -65 . .. Fail Sl'ight fracture and debondint

I all. .
31 35-21 P3 M4 Dart 75 Pass

Fail.
31 =5-? P3 M4 Dart 155 PassFall...

32 70-5 P4 M5 Dart 75 Pass

32 70-? P4 M 5 ,irt 75 Fail Entire-band missing.

32 70-3 14 MS Dar t 75 Fail Entire band missin.
FE all

32 70-4 P-1 MS art 75 -- Fail Entire band missinc.
, al. I No fracture but c iti

33 75-4 I M 5 r art 75 Fail band dcbonded.
all,,. Impacted W'ith l ft.

34 7S-I p. \. 5 I.art t5 l). instead of 3. Fail on-c fractui e and debondtn,.

i . .. 71
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20 mm ROTATING B AND TEST DATA Sli}-et No. D5
or [o I

r . r. W r t ype Tent Observed

r. L . o f Top. Other Test Data Test Additional comments on
U Test () Rebult Test Results

!Lv: 
V.all.

35 75-5 , Dr t 75 Pass

35 5-3 P4 M5 Fire! 75 Fail Entire band lost.

35 75-6 P4 N5 , 75 Fail Scvcral arts of band lost.
. .all. I Fi actu r e and

36 50-1 P4 M5 1rt 7S Fail partial debonding.

36 '5-10 P4 M Fire 75 Fail Entire band lst.

37 75-13 P4 M5 Dart 75 Pass
P1 a1lI I Fracture and

37 - -55 -3 P4 N_ 5 art -65 Fail partial debondine.

37 75-12 P4 MS Fire 75 Fail Band almost entirely lost.
GunI IGun ___________

37 5-14 pA MI 4Ftro 75 Pass Sliht fraying at rear edze.
S Gn - tPhoto blurred. Hard to tell

37 7- p . MS , 75 Pass condition of
- I Fall.

38 o-17 P4I M5 Dart 75 - _Pass

3 8 75 - 2 t1 , F M 5 1 ,a r t - 6 5 .. . . . . F a il F r a c tu r e a n d d e b o n d in g .
IFail. I [impacted at 4 ft.

38 l5-23 P4 M 5 Dp ' -65 ib. instead of 8. Fail Fracture and debonding.2a2l. 
impacted at 4 :t.

38 75-25 P4 M5 j a,' 65 lb. instead of S. Fnil F-acture and debonding.

39 75- P4 MS ,V 75 ... Pass
[all. lmpactea at b it. Facture and

39 75-40 P4 M IDr-t -65 lbs. instead of 8. Fail debondinz.
- I -all. Fracture and

- 4 0 7 7 - 6 P A M 6 , - 7 5 . . . . . . . . . . . F a l p a r ti a l d e b o n d i n e .
S a.Fracture and

40 77- 8 Y )4 h 7 - _,. ...... ... Fail nart:a IdebondinF.

40 77-SI ,, i - 165 P ass
'r l Eracture and

41 77- j P4 1  6 rt 75 "- Fail -)artial debondinq
- -al. F.-acture and

41 77-. P4 M 6 Dart 75 . . . . Fail partisl d1 hondinfi.

4 7 Fa 1. Vc.y slight fracture and4 2 7 6 -1 J p < M 6 D irt , 7 5 .. . P a s s c b o n a in g .

-" -65Fracture and
42 76-1 P M 6 -65 - Fail )artial o bondin2.Fa 1l0

4P '16-6 Il 12. i rt 75 - . . . P ass
F Vl11. -Frcture and

-4 - 76 -6 P5 \ 'i ,' irt -6 5 - F a il nirtia l ( ob o nrld , .
eua V ery m nall piece lolt from

4? 76-3 PS \!6 ir,- 75 . .. .. . Pass rear c de.
,iii S vcr. sm all chunks oil

42 76-4 M F i re 75 Fail fr(nt and rear.

42 76-7 rs M E rc 75 Fail Onc-foirth of band lost.

42 75-9 1' Mt, 75 Fail Large ?icce lost.

"I"I" I I-_______________I__________________
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20mm ROTATING BAND TEST DATA Sheet Nc. D6
d l .. o .....--- ~. ~ -.--

t: u Type Test Observe
C)~ 0 r

of Temp. Other Test Data Test Additional comments on0. ''q5 Tcst (F 0 ) Result Test Res~lts

Fall43 '6-21 PS M6 Dart 75 PIss
FaltIl. Fracture an-

43 76-3 P5 M6 ')art -65 'Fail partial debonding.
,6 j Elp n Photo blurred bL ooks GF.4,3 76-11 P5 ire,% 7 q1 ass .tb ri~Gun ,,

43 76-1 P5 M6  1L 75 Fail Small neice off ecar t.r 75 Guns ln-oto blurreo but looks OK.43 76-? 6 Fird 75 Pass May have lort small pi ece.
Gtunl Photo blurred but looks OK. O.aK43 76-261 P5 M6 Fire 75 Pas h hAve lost Small piece on rear edge.
G - -' G Pnoto blurre out some

43 "6- P5 M6 Fire 75 Fail pieces look lost.
I IFal!.I "I

44 76- J P5 M6DartI 75 Pass
S Fall. jFracture and

44 7r_-( Dart -65- -_p_;__,_6_ _65 Fail I shht debonding.
G un Photo blurred but large44 ,. - y, P M6 Fire{ 75 ]Fail chunk a'pp'ears missing.

Fall.P VerV',mail chi at rear45 76-43 P M6 Dart 75 Pass eoe. No debbndinz.
-Fail.! fireacted with 4 ft.45 , P5 M6 Dartl -65 lb: instead of 8. i Fail Fracture and debonding.cc wth 4 1n . -nail chips at iront and rear

__46 o63. Pa edges. No debonding..... Fatl. '
46 x-7 a]p5 M6 Dart -65 Fail lFracture and debonding.

Fall racture and
47 67-16 P M7 Dart[ 75 FailT partial debonding.

Fall -Fracture and47 67-16 P6 M7 Dart -65 Fail partial rebondin,.
all. racture and47 '7-2 P6 M7 Dart 75 Fail _ _artA_ debording.- f all. jF zacture an -

48 A7-a 2p6 M7 ]Dart 75 Fail partial debonding.i" all'. " .. -'r a c L r e ani
48 8 7-3 5 P6 M7 Dart 75... Fail debonding.

Fall. Fracture ,and
4o9 67745.P6 M7 Dart 75 Fail naria! de"nondinp.

50 , - P6 J M7 Da ___ 75__ Fai n arildndir

Fal. I Fracture and51 68-2 P6 pa7 D 75 Fail substanti ',l d,.bondina.

51 68-6 P6 M7 I'll:t 75 Fail lipiht fra ,!ure anI dcbondin,

' ' - racture tnd iI -- 7jy -- -________ 
___ ria~uni

5Z 16 M7 Dart 75 ar h

Fit:h I aj t i' a I d o n-t i n .
53 f 6 .M7 Dat 75 tal tIs t 1 d eYldin e.

i- F rac ture an

5641 8-- I61\ " 7 Sm I'D "5-- _______________ Fail(rtnl'dIngs4 ir . ,ip I, k, {m i. 75

Fracture and57 41-1 -7 MS Da rt 75_ Fail nart:tl ',Nn,.

5 41 - I. Mr 75 F:azll - 11 7?w il :rn
k I r e a ,-,

157 I1-5 P7 M 3, Ds[ar I 7i Faila !,¢L nh-q
: - I --1 - - - - a l ~ l . . . eI- - ---- ,
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20 mm ROTATING BAND TEST DATA Sheet No. D7

V;, r , r Typecst Obscrvcd
of Temp. Other Test Data Tst Addtional comments on -

,R. eq Test (F) Result Test Rcs'41to

Fall. Fracture and
59 P.-ll p7 Mg Dart 75 . Fail partial debondin-.

Fall. Fracture and

59 Q-12 P7 M8 Dart 75 Fail partial debondinz.
Fall. F racture and

60 40-8 P7 M8 Dart 75 Fail partial debondini.
- - Fall. Fracture and

61 !3-11 P7 MS Dart 75 Fail partial dcebonding.
61 7 rat. 1 rac~urc and
61 40-12 P7 NIB Dart 75 Fail partial debonding.

F? all. No fracturc. Very slight
6? 13-2 P7 M8 Dart 75 _"" Pass dcbonding.

Falt. F Fracture ancd
62 434 P8 M" partial debonding.

all. No fracture.63 i90-1 P3 M!0 art 75 Fail Partial debonding.
___ 

1 Dart 75Fail ~ rcue""No fractur'e.
63 006 Ps MI410 P-art 7Fil Partial debonding.-- [- - iFall.
64 tlP8 M 0Dart 75 Pass

('4 93. 15 S M10 Dartl 75 lPass
6Fall. - . . Fracture and substantial

64 co-. isp8 _,10Dart -65 Fail debonding.

64 3.-18 P8 m!0oDart 75 I Pass

64 iC0-1, P8 MIba:.t 75 Pass
F~ all. IFracture and substanttaF

64 90- i PS M 0 bart -65 Fail debondinc.
. . Fall. . . .. . No fracture. Sight

64 90-21 PS MlO Dart J75 Fail debonding.

64 _ -. \8 1 0
I F a l l . -' . " . . . ... F l Fracture and substantial

__90-21 P8 N/ 10 T) a r t___ Fail debondinp.
T a I  ___5racture. dome

64 0- "PS M 10l, lr; t 75 -"" Fail debonding.
Fall. • No.fracture. Slight

64 0-23 P8 M0 DartI -. 6 ... ......5 ... Fail debonding.
-- - 1Fall. Fracture and substantial641)0-2P3" P8 M 10 Dart t .6, 5  Fail debonding. f

64 _ - PR M0 Fire 75 Pass Slight fraying at rear.
Gun

64 .- l P8 Ml0 Fire 75 ail Substantial piece lost.
Gun

64 0-16 PS MI0 Fire 75 Fail* Substantial piece lost.

Gun
0649-17 P8 MII0 Fic 75 .. .. Fail Subst;.ntial piece lost.

] Fall. ractur C" and
* (,_g 0-4 1 P8 Il0 Dart 75 ... ..... Fail partial debonding.
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20 inm ROTATING BAND TFST DATA Shcet No. D8

;, . 3 - )Ty Test + Obser"ved

: ) r of Tcmp. Other Test Data Test Additional comments onJv F -cS (F° )  Rent-lt, Test Rc~ults

66 ____ _ _ __ ____ _____75 Pass

-i D.a had . .. o F I racture andM,I Darlti -65 Dana . d bevrlds. Fail dcbo.-ding.

66 )-61 Pa __ll __--_l_ 75 Pass .

6 3 J6 iF IMil 75 Pass
SGunl

66- 9:-71 P8 Ml7IiFre. 5 PassI ~ C 5 ~n ~OT.3 dk. Loo.. Oa( ba: may

66 * _-77 PB MI IFir i 75 Pass ha+,n¢ ands,..l
I, PnIoto.bluir . Looks OKbut.

66 Fi9reM2 -5 i Pass may be shi-ht. fraying..

- 9D-6.P Ml IFire 75 on -r:an, d ear dcs. Pass
66 +s lP,.IMl Ir-%l +S I ea ,.I PassI

I Gn !3aM hd I SO and 60 bcvl.
o.~*' iOt andi car ee+Zsx.

66 90-78 P8 M11 121re 75 1 n £:ft a ,rer,,,. Pass
I Iui Edhad IS- and 60c bIcvcis as66 9-76 P I tI Fire1 75 ° .... drrd. Pass a text

I Gunt Band %d S"and 60 evels
66 -8 Pa MII IFiel 75 Of !.,ont and r.ar cdZe. Pass

66 W-621 PS 1! FJire. -65 o1,o , .. - .. Pass 3t-66~~~.1 1u d ~daISOand GobcveIA }______________
, -66 Pa JAl! .r - o1 c .t and Tear ..d.c. Pass

Gun fland had ISO and 60 bevels
6 90-72 P8 MI 1 Fire -65 I0 front and rear ed- . Pais Large piece missing.

Gun 1 1 -65 h"d $*ad6' cbs s
8 P 11 -..Ire on front and rhrdto tprc. M y --C- nh5d!ad I SO ad 60 bevel

66 D83 P8 M I -e -65 o, front a : .. d .... Fail , m ay av l tv.
Gun j 9 and ha ad IS s erd j* jec I I I L

6 0-6 7 jMI I Frel 165 on frot and rear cdte,. Pass
6and - as i _P h°  , I f otO aar. a i urrca. M ay

66. -671 PS MIl] IFire! 165 I ard ea d... . I ail be Ol.Gun fand h Isn 60 b° ,Photo blurred. Appears to
66 *-73 PS MIl N. trel 165 o04 frot and r.r de. Fail bec slight fraying.66 10-63 FP Mu 1-ire 165 oantn rear edCes. IPs __

6 Gun. j Iand had I0 and 6- %cret, F 010 dar¢ an blre Ma

1-~~u H~Jlt Ifand had 150 ad 60 btrl e Ko ayhv os e).66 0-8 0 P S Mtl I F ire l 16 5 o nfo nta d ..... d ge. P ass P o o , , . .a , ,

66- -841 p8 MI i Fire 165 Ian front and rL.r edge$. IFail &mall piece.f r' all, No fracture. Slight
11-6____I0__art__7Fail dcebo,,ding.

67j1-6 PSi 1I ).r 75 Fail__________ _____________

[)1 l-10 PS i10 Dart 75 Pass
67 ), _ Mall. Fracture and •
67 I-I1 ) ')l -t l)trt -65 Fail partial debonding.

Fall67 91-5 P8 M 10 Dart -65 Pass

+ 75

.. . . q lllm. .. . . . .. . - - ... -



20 mm ROTATING BAND TEST DATA Shcct No. D9

. r 1: t. I . Test Observe

re .1 -, " o . of Temp. Other Test Data Tct additional comments on
00oTest (F ° ) Result Test Rcults

68 91-24 PS MI0 IDart 75 Pass
- - Fail Fracture and

68 q- P8 M10 Dart -65 Fail partial debonding.
la un Fai! eo iees lost but some

68 75 Frayig evident.
s~un

1(8 b!.27 P8 IM0i 75 Pass
- Gun 'No pieces lost but limited

68 q .3 P8 10 ! Fire 75 __ Fail fraying.

69 91-34 Ps Firel 75 Pass
! un ' ad had S'and 

0
b b".

63 1-17 P81M0 Fi-, 75 a fro.t &P rear dtcn. Pass
-1Gun J de h.4 ISO and 60 iel I Photo dark. May be small

oz front and rear c Pass piece lost frbm rear edge.68 )1-P8 Ml10 1Fircl 75 ,* Pass

p I I C"un I sand "od 5 ad 6° 'cvel68 _____MI F .o,7 _____-t_.___, ______, ______ _____ss_________

68 11..21 p lv .0 r 75 on irert and rear cr,,. Pass _

M_ _ _ _ _ _ I o _ _ _ _ _ _

68 41-32- P M10 !Firel 75 o. fro. an d.rear edls. Pass
G.Bl1 Band hPd ass s.d 60 bPnt, -shoto dark. May be small

"6o _1-1_ P8jII0 Fird -65 font an rear ,. Pass piece lost from rear edge.

I~u n  -3=d had I.
, 

:-d =°-., ' "Small piece lost from
68 91-26 PS MI 10 IFire -65 on fron- .,d .. ar e;e. Fail rear edge.

Band had 1 Ad6bchecle
6P 91-3 PS I10 xire -65 1 vfro.3 and rear edte,. Pass

68,91-33P8 u410In~- a.5 h 15 Snd6obmle Diece lost irom
68 91-33 P8 M10 Cire- - ... nd r....ea . Fail rear edec.

I~! u i
(  f  

n d a d I 
O  

a f. 6 * b€ c¢e l$

68 91-11 PS IM 010 Fire 1 165 Ie, frnd ad rer v6;0c. Pass
68lf 91_1 ha P8 1

° 
c.l 111 ac¢l fc , very Arnall Pieces lost1r er 165 n front and rear des. Pass _ror _rar___ ¢.

I n
IPu 1 1 

B ,an d h a d I SO a nd 6-0 b1,, ,
'68 91-12 PS 10 IxreG 1 165 P_ ,_ , PassFieon trait and rear edtrs.. P s fc eyamlpic et

Pull flanhad ISOand 
0 ~I b~a eve

* 6~~~~~ ~91-25 PS M.10 _,Ire 1165 on efrot and rear crdrra. Pas _ ________ _______

Gun Band had 150 and. 60 be j TyVry slight iaiga
68 91-35 PS M10 ire 165 on front nd Tsr edge$. Pass rear edge.

-- 76 .

'76



20 1,2- ROTATING BAND TI-71 DATA Shct No. ... DI0

6 1O: -0 ~ C~ Oarc
r-. r Ty Tct bere

.:: .' .of ITcanp. Olher Test Data Tcnt Addiion.l comments on

o - Reult Test Reaults

69 j91-6c; V MWCf)r 1a 75 - _ __ _ _ Pass _ _ _ _ _ _ _ _

.9 -  S1 ,Fall' 65 Fracture and
69 M 1Dart -65 Fail partial debonding.

69 91-5- P81 Ml0 75 pass

6 91-54 PSI M Dartl5 Pass

699-5 1 -kilaI65IFi No fracture.9 91_ 0art 1 -65 Fail hSliaht debondinv.
69 91-41 P at -65 rdhaC'F-6beves f Fail Fracture znd

S 0 art - on An aa rear edqs.q loprtial debondin_1.
691-3 1 I I ,eitPhoto dark& blurred.May be

"6 9 _1_3E p_ MIO _i 75 FaR |OK butmayhav'e lostsnal1

_T ~ tMI I~re 7.5 ________IPs I
- PS MIO 0:1 75- jMay be- tiny fragment

Fire __ ________ PaSs, (off at rear cdse.

69 91-5i .8 MiD 1--"' 7h _I__ _ _ __- Pass

Un I aadhad5 & 6 0 bvels I ISome fraying at rear

o 69) 1 - P8 M un 5 ?'andhd15obCOevs Pass ISome fraying at rear

I- ~ 1 Mi _____Ion front and rear ed-es.I [d-e.
69 ~ ~ ~ ~ ~ r P15IP I!J ~ ~ rar ed-ce. Pass, j~anu had15 I & O beveis

69- P61 M10 u 7 n ront ad rear edges.I Pass

" Fi~'j ire j.fo" .drarcgc If"raying,
F*'re o - n front and rear c.e.I eidges

front nnd -rI'a ee e
"741 n fBind5it o oVels.6') 65-5 'nn M101- Zn rcr c . I P s

: PS Mw ire - on front and rear edoa: Photo blurred.
I j - ~fl land had 150 60 beveI

: - 9 ~-5lPS M10 I~irc -65 Ion front a.nd rear e~-e. Pass Pooburd69 h-- 5 s M '1 765i-o ed"May be small

,9 d-3 MDPn -. "

6 )1-41 P8 Al fiir 16 5  had 15 a L edcs Pass Photo b lurrc d. ay be small

4n /rent nnd rear ednes.I  iece off r ear ed .
a 0 Band had 150 & 60 bevels

,-69 )1-41 PS MI0 Fr 165 Ion front and rear edc=. P'ass Photoblurred.

70 )2-9 PS MI0 Falf Slight/ racture andlpartial

-I- - -________ D)art j5 dal ebonclinr:

$ 77

jind n 15 t ' ........



20 im ROTATIC DUAND TEST DATA •. Shect No. Dl. -

o g: 0
.. r g: M Typec. Toat Obverved

-:: '' : of Tcnp. Othcr Tcst Data Tent Additional comments on

• ~ ~ ~~ 1T -- 73 4', --n r .I T sa: crt (FO) Result Teo" R

71 32-12 P8 -.110 . - Pass

71 *l-13li M10 Dart -~65 Pass"

71 92-11 Pa MIO 1-in 175" 1 Pass

71 92-14 pa mJ 0n 75~J~ ________ Pass

7192AmPo 12F-n 1 75-_____Pass__

71 92-1. P8IO Ire I Pass

7192-21 "s IM10 i -Pass

72 2  8 92m a 5 Pass

7 92-2q PS 1,1il jrt 7.5 -ail Photo dark but a--cars to
:z "-re . ... hanve lost Dart of 'iund.

-72l92-LPS \L 1 l.:n, 75 I ~a -Photo dark but sonie z:*ees
_I __rel . Imay be off & someiravinc.

-72 92-3( PS il~I~ 7.5 Pail 1I 1t Di_-e oIu.rC Uktarz .
I r 211-C I band appears tohav be,..,os:

- 72 92I2 -Ia M11 7 ndhd°150 ,60 bevels pass
-Tr-2 front :s-d rear edtCs. _ I

-7Z )2-2.- PS* Nil! 2 . had I5 &' 6: bevels Pass
72' ~ ~ ~ I eo nt I- z. nd :-cz °  v i

72 ;2-35 pa I M, . I 75 r, r a rear edze Ps. s

ad .--- b75 ~.¢..P . Pass

.- 7Z 12-4 PS MlI I , 75 a cd5
0 & 6 0 bevels j ss

x i Ionf-n r t and recar edres. ""_"

-72' p l G unn U:a h-d 15' L 6 "1 bevels o
- . c pnl rear -c t .. . ..... . . .- . . . - f- ai Piece o band m issing.

-7 2 e. p- " ngn h ad 1-- '- -' , I -- i£ Almost .itire band lost.

T4172 Ipn 11 7 -r-D fron ad rear c Pas
72 i r l 13,eand had I5o& " bevels Fail Piecermissingfrom rear

8II I dbired b65 ran front and rear cdcs.l half of band."
'11 n Itd1 'Z 1

-72 )242 P M l 1- 65 I.n front ard rear edcs.__

72 )2-2-- pSiMil 165 B3and had 150 L 6o bevelsl F ail . Photo dark but looks like
Fire ! on front and rear .dcct.[ a .icce is missing.
72 )2a1 PSj &Gun '650' bevds Fail lhoto blurred m-, !z,±'- c tecc72 )2-2i PS MI1 1e !65 Ln f-ort ard rer I aopears to be nnssi n:.

.72 )2-31 PS M l 165 , I front and .. e Pail Badly pccled.I 11I fon ni d r-&OobcCC

S -,% I n)a rt - lb. in tead of S. ..partidl zdh , h n, - Un-.

a-''ll' C E W 1 1 F a il F ra ctu rc a nd
7s )Z- F( i'SS Mll I Isartl" -5 j rtil lcb oaclin-.

73 )3-3 P9 MI I r I -65 Fail Frattre a nd

....___________ •primer- prcaicctih,' i arte a'.
- -3-3 119i I 5"- Fail Fr.ictarc t iaa , ( I eboa nt n -t

7 93-3 19 M I :;.=-1 -65 Fai F.cir a coinL, a t

W-I



?.0 )nni 11oTA'lIw(; JANI) TFS~T DATA -- -- Sheet No.- T- 2-

ci: : re: Tnyp Tcrst Obaervcd
~ ~.L:.~;;;~ofTmp thrTctDaa Test Additional commnisnt on

75 )4Y95 M19 IDa1- 75 1Pass __________

75 9P9 M 1 Dar-t -651 Fail ng at adhesive-plastic interface

9ail. j . No fracture.
769- j_9Mll Dart 75 Fail ISubstantal dcbondir.a.

76 95-l1 'P 9 m, I I 146 Fail 1 Facur comrplete dcbondin2
- ID-t 65 at both meta1l.olastic intcrfa~cesj

76 95-3 P9 Iu i FaIll 75 IFail ~No firarturc.
I IDart. I tSujbtantial dabo-nding.

~ **rfl Iure ib comolete rjeboncingi

M~~l -65thFil etzlpast:i~tc interface.
77 69-9___P9_M__7___5 Fail klatl debondine.

i TI~ 1 -:racturc and
78 59-11 P 9 M I1DatI 75 IFail .artial'deboading.

__________~~~~~ I_________ ai racture and
79 169-201 7 17 -' 75 ________ Fail ~ odi~

-~ IFai c.r i eboniing.
80 169-3 P9 IN17 1 75 Fal ractL-re ana

P101*. 75 Fail cture andceoCCdmfC V at
.V4Da Fal iastic.- adhesive interface.

213 P11 M2 D'-iFa l Iracturc m dcoonding at
£1~- zi-,l 0m12 1 1  65 Fail acuendeodnga

8 I I j -I___ __________.atic-adheske irterfa Ce.
.81 2 15 i i1 j plo f a'1 -a rac: ure and ueuc:cung a,

82 21-61 PlO M±2 D" -65 JFail (rcueai eo,~~a[ _____________ lastic-iac * :"

2 1 Of5I2 75 Fai Fracture aric ceuzng~i at
"82 1-4 Dar! -6 Fai hlatic~dhei itrface.

83 21-S PI4MZO51_________ Fail 'acture, and deuondimv aIt

Iaatuenc ceaorncng at

214POM iDarti -65 IFail roasticadesve interface.
-84 1-P 1 PlO1 M12 I racture andi deoring a:

* 84 ~llo ~o rI jrac-turc anun ceoo:ocng at

M12J N artL- Fail aat-ahsv riterface.

.885 i1 F10 N4O 12 i 5 F i Irracture anu~ uc:)ornang aK ~ ~ ~ Dr- K1  ~ LFi lastic-adhesive ;nterface.74'Y ~ Fal ractre an 1~ing rae
___Dp.t 15 _____________a_____ lic-ar~hcsive interface.

86 11-17 lO J),, !Drt7 __________ Fail uoat~-d eveinfae

M alt-6lFi Fracture n (jeuoflan, a

86 _ f16 P10 -65astic-adhcsivc irnterzan z.

87 11-19 MB1 1111 1 -i Fail No. fratr. c. y slig a c..d

87 1-?0 PIOJi M12 -65 IFail No Iracturc. 'cry :.1ip.it e
- I )2z Ii________ inr at ph!Ltic-adIcsijc antcriacc.

88 .fl-21 1-lO 1 M12 7Fal NO fracttuc. Very slight deb-.nd-
-~ ~ ~ 7 inc. i ___________ _____ t rl1 

c-ad'1'csivc iierface.

88 tI?. J1O i? -~alt 65 o ach~.rc. Vcry Sligh: Crbon-d-
a12 11,,I ),11 6 Fail in. at ialca hz vc n'

89!'1-23 Pl l 1 1Tc .~ T ho.i ~ld-

89 I-2." 1.10 MB '' 65 Fi lNo atue %'a:cdricittf~c.

79



20 mm ROTATING BAND TEST DATA Shcet No. D13

" r, .' ~ r c=Type Test Observed
U. .. - .v I..of Temp. Other Test Data Test Additional comments on

, Uol Test (FO) - Result Test Results

go -2 . P10 MZ tall" _ Fail No fracture. Very sght ,,ebond-
90 PDart Fail ing at plastic-adhcsivc interface.

,r ai.1  fNo fracturc. Very slight eod
S90 ZI-26 PIG MIZID I Dar. 1 6 Fail" ing at plastic-'adhicsive interface..

1.l]2 l Fail N Mo*racturc. Very slight dcbond-
~art '_____ in-, at rlastic-adhesive interf.ce.

Fall. lracture & jeuon'in.-. , PC
91 2b_2 PlO M12 IDarti -65 jFail , nrimcr-metal interface.

92 l ri± MIlail 7 jNO fracture. Very slig'ht deuond-
arFai ing at plartic-adhesive interface.

Wall. Fracture aid Ziebondin-at
92 Z13 Pl0 MiZIDa. t -65 Fail ,lastic-adhesive interfa'c'e.
93,al . Fracture and deLon:.ain at

921-3 1 Pl M 1j !r 75 Fail nlastic-adhaive~ interface.
94 21-3' P11 M12 r 75 Fail Fracture & total deoonaing at

p Ilastic-adhesive interface.

I 1 75 Fracture & nartial debonding95 1 PH Mlz 7. Fail at nlastic- azihesive interface.
96ll 2a-3 P1 M2ra Lure Zz parL:ai tQA(TJ n1

96 21-31 H 1,412 !T~art Iat plastic- adhesive itrae

921-3, P1H M1Z Fall.1 7 Fail Fracture & uartial debonding'
iDart _________j____ at plastic- a 1he sive interface.92.2Fali. Fracture & Dartiaideuonding

98 1-42 PH MIIDartL 75 Fail at plastic- aahesiveinterface.

- I Dart 7 Fail Fracture and debonding.

9221P11 ]MIZI-" -- 6-5 Fa i1l Fracture and dcbonding.
100 22-311i Dart -65"al Fatreaddbnig100 2-41 P l lM112 Pala 75 Fail No fracture.

Darti F Very sli-ht debondin,.
.._ irall.1 -6F - Fail. ..

101 23-5 PH1 MI Dart -65 I Fail Fracture and debondinc.

L02Z2- P l11rt 75 _________ Fail Very slieht debonding.

101 P1 Drt 6 ,F Fracture and debonding.

---10 .- 1! M Dart] 75 Fail Very slight debondine.

l. I-.

5 PH %l M Dart -65 .... . Fail Fracture and debonding.
.r,0 12 2-9 Pl I'1Z fDart , eysiht*codn,

104 a,!;, Pr2tr Pass

7H~ -651 Noi

104 3-1 PH2 -I3 Dartt -75 Fail Very liht dcondin .

10 Z9pu FzIar. 6 - Fi Fracture an dbonding.

1023-5 PZ 1,1131 M, 75 Pass

1OS '3-5 PIZ m 13 -65 Fail ndin at etal-

Dart "Vadyesiet "leorce.

Dtr -ra l.racturc verv h lt degon104 23-s1I I 13 1 75 _ .... _ 'il mtat e dh es cinterface.

_________ at g awta ______I8Dart0
10 a3- I',lli " M1 -6 al in)I a e'[ tal r iveirh t , r c-

80



.0 mm ROTATING BAND TEST DATA Shect No. D14

v W r. r Typc Teat Observed
CJ g. r -:" . 9 o!: f Temp. Other Test Data Tcst Additional comments on

SU T -st (Fo) esult Teat Results

'all.
107 3-9 PI2 M13 Dart 75 Pass

F'all. F.racture tdebonding ar
107 3-9 P12 M13 Dart -65 Fail -netal-adhesive interface.

_0- PIZ 7,41 Dart 7
108 !3-l: P12 1*A3 Dar 75 . . .Jss.." . -_ _ __ _ _ _ __ _ _ _ _

Fall. Fracture & substantial debond-
108 Z3-14 P12 M13 Dart -65 Fa5l nZatmctal-adhesive interface

109 Z3-1 P12 M13 bart 75 Pass

19 23-1 P12 M13 Fall. 65 i racture & substantial debond-
Dart Fail ng at metal-adhesive interface

110 41 P12 M13 Dart 75 Pass lery slight debonding.
11 4l2- Fracture hnd debondingI0 4- IA1M3 -65iFai

1-0 Fail at both interfaces.

Fall. Fracture and debonding110 Z4-Z P12 M13 Dart -65 Fail acturenndrfbce in______t both interfaces,
110 4-5 P12 M13 Fal.

Dart 165 Pass Very slight debondirh.Fall

ill Z4-6 P12 M13 Dart 75 Pass Very slight debonding.
11 24-71 P12 M13 Fall. -65 Fail Fracture and debonding at

Dart -_,netal- adhesive interface.
Fall. Very slight debonding at

12 4-8 P12 Dart 75 ....... ... Pass plastic-adhesive interface.

- 112 Z4-9 P12 M13 Fall. -65 Fail Fracture and debonding ?t
... netal-adhesive nterface.' 'Very sligiit acbonding at

113 4-1 P12 M13 lFall 75 Pass V aDart -_both intcrfaces.
113" 4-1aP12 Very slight debonding at
113 ;.M4-11 PZ M13 Dart 75 . Pass both interfaces.

-'all. Very slight debonding at
113 'A-1 PI2 M13 Dart -65 Pass both intC'rface. ..
114 P12 Fll. ar 75 Dbodinc at metal-
114 4-1. PI M t 75 Fail nesive Interlace.

114 '.4-1 P12 M13 Fa " . 75 Fail c bonding at metal-Dart -75 .... . Fl adhesive interface.
114 4-I P12 MI3Dart 65 Fail Debonding at metal-
115 0-1 PIZ M13 Dart -6s - Fail Frcueaddeociga.. .. ........ ta cdhesive i interface.

r all.- =Fracture and debonding at115 [00-1 P13 M14 Dart 65- - - Failinterface.
SY=. Fracture and debonding at

115 00-1 P13 M14 Dart 165 .._....._ . Fail Vnetal-adhesive interface.

Fail. ' Fracture and debondinc at
116 01-3 P13 7014 Dart 75 rail lastc-adhosive interface.
117 M14 !all. 1 i racure anct oeonuinm at

6 -4 P13 - Dart I /. .. Fail ast.c-adhcsivc interface.
Frac:urc and debondine at117 02- P3 M14 Fall. 75 Fai lastic-adhesivc interface.118 0-a P13 M l al. 5 Fail Fracture and dcbonini! at

-_Dart plastic-adhesive interface.
1 a-i. Fracture'and' dz-bonchni at

118 10-, P13 MI4 Dart 75 Fail plastic-adhesive interface.[- ra-ll, ...... 1.ratteL - .1n1d d b nLieutt
1. 18 I10-6 P13 MI-4 !Dart 165 Fail )si-dc i interface

81
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o m UOTATING BAND TrST DATA Sheet No. D15
gl I: °.1; 0T

, r. Ws t) t,  . ,t Qbocrvcd
, : '!of T .Other Test Data Te:jt Additional comments on1 1 "" rest (ro)  Teu 'est 11csult

M 0 k ~ Tm.Ohc aa Tu

119 111-2 . P13 N114 Farl- 65 Fail Fracure debo,,ing at
S1 L M4P JDart plastic-adhesive interface.

IFall. Fracture and debonding atIzO111-5 P13 M141Dnrt 75 Fail19 Dart I7plastic- adhesive interface.

Fall. Fractur and dcbonaing at
]19 111-1 P13 Mi Dart 165 Faii ____d_ _'_eiterface..

119 - - .I 165 F racture and debonding at
1 P13 MIS Dart Fal l Faasticadhebivo interface

_.. . . Fall. -,_ract Ce" anddebon'ing at
120 12-1 P13 M14 Dart 75 Fail plastic-adhesive interface.
-12--65FFall.al Fracture and eebonding at
12b 112-6 P13 M1 4 Dart 165 Fail plastic- adhesveinterface.

121 120-3 P13 MI5 Dart 75 Pass-' "Fal.' No fractur:e. Debond'ing at--

121 Iz0- P13 MIS Dart -65 Fail both interfaes.

Fall.

.127 120- P13 M15 IDart 75 Pass

IZA120-3 P13 MIS D 65 Fail Fracture and eboning at
5Dart both interfaces.

123 130-5 P13 M15 Fall. 75 Pass-1 Dart . . . . .

123 1 P13-M15 Fall. 65 Fail Fracture and debonding at
24 121- P14 M1 Dart -65 _.,.Fail. both interfaces.

_ a bh ae boail.t
-123 130-5 P13 M15 'Dart- 165 ......... metal-..u Pass

F.. rall.] .. rl Fracture and dabondint at.124 121-4 P14 MI. Fa.rt -5 Dar Failoj~~~t .- . . .. a ti -n e h c, i v e i n t e r a c e .

124 321-42 P14 M15Fal -65 .- ~Fail Facture and coonaing at

Dart "___ "" __ ...... n1astic-adhesive interface.
2 33 Fall. Facture,som6 5eooning as

-12 321-2 P14 M15 Dart 75. Fail both ntex.ac~es, but most at! " _ .. .. etai- adnesive,

Fai - o- -or

.al25 i21-7 P14 MIS . -65 a Fracture. ao.e eoning Ea12 3. P4MSDart -ot . -.. Fa-i at, cs ou teOSacF ... ._ evaal-l t.e sl ve.
"12&" 131-2 P14. IMI5 Dart 75 i"Pass

.'126 131-2 P14 M15 Dall. 65 Fail " Fracture and debonding atDart I .- -lfisti-adhesive interfaces.

IZ6 131-.3 P14 M15 Fal 165 Pass- Dart-

127 132-2 P14 MI 5 I.'all. 75 . . ... Pass

Dart ___________

F"ball. Fracture an.U dcbond'ng " _"

127 13Z-2 P14 MI5 Dart -65 Fail lastc-adhesive interface.

13Z- P14 15 Dart 75 sd.. Fail Fracture and debonding.
F~all. ' '

12 7 137-3 "P14 MIS Da r t, " 165  .... ... . Pass

128 135-1 P1H MI5 Fall. - I c Pass
Dart ..........

,MIS Fall. - Impacted at Z ft. lb. " '18135-2 PHI. S Dart -65 instcad of.S. Fa. Frctrcandeodn. ,

128 135-3' P14 N15 F~all- -65 Ispacted t Z it. lb. Fail Fracture and debonding.Dar t - .... .ad f

. 3-Va 11. Impacted It 2 it. lb. c5 .ai-acIo of S. Fai Fracture and dcbondinfg.129 135-5 PH. %115 Dart -75 in . ;. Fail c.,.,..add bnig

- ~ V - - - A A~ a ft~. _______
17.9 135-6 .I MIS I..Da. -65 Im1pactcd at 2 ft. lb. lail Fracture and debonding.

"82



7i0 im RiOTAT:'ING :A.D'TST DATA Sheet No. DI6

15 1 Typ Dr t 5Obnervcd

. of Tmp. Other Tet Data Test Additional commdento on~.2 1 I: ; i. ,-, c ..e;t (F ° )  R 'esult Test Results

- 3 " 3 5 P1"M F all - 6 5 ! mn p a c t cd a t Z ft. lb . F iF a c u e a d d b n .'} " 130 135-1 P14 M15 Dart instead of 8. Fi rcueaddbnig130 3al impacted : 'i " 130 D3-(!14M 5 'art " impacted at Z'It. 1b. ''

135 P4 1 Dar 5 instead of 8. Fail Fracture and debonding.

.10 131 [35-1 PillM .a15 'Fall 65 ilmpactced at Z ft. lb. Fail Fracture and debonding.

DartI inste~ad of 8.
131. 35-1 P14 M15 Fall -65 !mpactcd at 2 ft. lb. Fail Fracture and dcbonding.

Dartl instead of 8.

131. ~ ~ ~ 3. 5,1 P1 .

.. .

Da -6 .ir . . Fi rcueaddbni

- .......--.----

4 .... ..- i-• -

o . ... .. ... . .. i -. - °. .

- .. ..

N -83... 
_ __.._ 

_ _ _ _
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